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Abstract.  Any structure constructed on the earth is supported by the underlying soil. Foundation is an 
interfacing element between superstructure and the underlying soil that transmits the loads supported by the 
foundation including its self weight. Foundation design requires evaluation of safe bearing capacity along 
with both immediate and long term settlements. Weak and compressible soils are subjected to problems 
related to bearing capacity and settlement. The conventional method of design of footing requires sufficient 
safety against failure and the settlement must be kept within the allowable limit. These requirements are 
dependent on the bearing capacity of soil. Thus, the estimation of load carrying capacity of footing is the 
most important step in the design of foundation. A number of theoretical approaches, in-situ tests and 
laboratory model tests are available to find out the bearing capacity of footings. The reliability of any theory 
can be demonstrated by comparing it with the experimental results. Results from laboratory model tests on 
square footings resting on sand are presented in this paper. The variation of bearing capacity of sand below a 
model plate footing of square shape with variation in size, depth and the effect of permissible settlement are 
evaluated. A steel tank of size 900 mm × 1200 mm × 1000 mm is used for conducting model tests. Bearing 
capacity factor N is evaluated and is compared with Terzaghi, Meyerhof, Hansen and Vesic’s N values. 
From the experimental investigations it is found that, as the depth of sand cushion below the footing (Dsc) 
increases, ultimate bearing capacity and settlement values show an increasing trend up to a certain depth of 
sand cushion. 
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1. Introduction 
 

Among several different approaches in determination of the bearing capacity of shallow 
foundations, the famous triple-N formula of Terzaghi has been generally employed in the past 
decades, and can be written as given in Eq. (1). 

BNqNcNq qcult 5.0                         (1) 

where, qult is the bearing capacity of soil mass, c is the cohesion, q is the surcharge pressure, B is 
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the foundation width and  is the unit weight of soil mass. Similarly Nc, Nq and N are bearing 
capacity factors, which are functions of the soil friction angle. The second and third terms in Eq. 
(1) have been known as the main contributor to the bearing capacity of shallow foundations on 
non-cohesive soils. There are several suggested values for the third factor by different 
investigators such as Terzaghi (1943), Meyerhof (1963), Hansen (1970), Vesic (1973), Bolton and 
Lau (1989) etc. Although all these methods are generally based on a limit analysis solution, there 
are differences between their assumptions for boundary conditions and consideration of the soil 
weight effect. The third bearing capacity factor i.e., N has been computed by taking several 
assumptions in to account. Terzaghi (1943) assumed that, the components of bearing capacity 
equation can be safely superposed. Bolton and Lau (1989) performed a study on the effect of 
surcharge pressure on computed N and presented a dimensionless factor  defined as the ratio of 
the surcharge pressure q to B. They stated that if this factor is equal to or less than 1.0, the effect 
of surcharge pressure leads to less than 20% error in calculation of the bearing capacity factor (N), 
which seems to be acceptable for practical purposes. Beside these assumptions, almost all 
conventional methods assume a constant value of soil friction angle to compute the bearing 
capacity factors. 

Considering the bearing capacity equation, the third term suggests an increasing tendency in 
bearing capacity with an increase in foundation size. However, data from De Beer (1965), Bolton 
and Lau (1989) shows that the bearing capacity of shallow foundations does not increase with size 
linearly and the bearing capacity factor N, decreases by increasing foundation size. 
 
 
2. Earlier studies carried out 

 
A shallow foundation is load carrying structures that transmit loads directly to the underlying 

soil. Shallow is a relative term, a foundation with a depth to width ratio less than or equal to four 
(D/B ≤ 4) is simply called a shallow foundation (Das 1999). A foundation must satisfy two 
fundamental requirements: ultimate bearing capacity and settlement of foundations. The bearing 
capacity of soil can be defined as the foundation’s resistance when maximum pressure is applied 
from the foundation to the soil without arising shear failure in the soil. The load per unit area of 
the foundation at which shear failure takes place is called the ultimate bearing capacity. By taking 
into account these two criteria, there are many theories and many approaches in laboratory and in 
situ studies to determine the ultimate bearing capacity. Firstly, Prandtl (1921), and thereafter 
Reissner (1924) presented theories based on the concept of plastic equilibrium. Later, the 
formulation was modified by Terzaghi (1943), Meyerhof (1963), Hansen (1970), Vesic (1973) and 
others. 

The ultimate bearing capacity depends on the size of the foundation for both square and 
rectangular footings. Therefore, small models of footings prepared in a laboratory are different 
from real size footings with regards to behavior and stress distribution. This is called the scale 
effect, and it has been studied by numerous researchers for many years (Bolton and Lau 1989, 
Cerato 2005, Kumar and Khatri 2008, Veiskarami et al. 2011). The scale effect arising from the 
grain size of the soil has a significant role if the foundation width to grain size ratio is less than 
50-100. Therefore, caution must be taken in applying the results of very small-scale model footing 
tests instead of full-scale behaviors. One simple solution to solve possible problems due to the 
scale effect is to use a larger footing, giving an acceptable size ratio, B/D50 greater than 100 
(Taylor 1995). Although it is necessary to test the actual size footing to understand real soil 
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foundation behavior to do so is an expensive, time consuming and experimentally difficult process. 
For this reason, taking the scale effect into consideration most researchers have only worked on 
small-scale footings of different sizes in the laboratory to obtain the ultimate bearing capacity. 

Terzaghi (1943) formed a semi-empirical equation for computing the ultimate bearing capacity 
of a foundation. Later, Meyerhof (1963) proposed a general bearing capacity equation similar to 
that of Terzaghi which included different shape and depth factors. He took into account the shear 
strength of the soil above the base level of the footing. Thereafter, Hansen (1970) modified the 
study of Meyerhof (1963), Vesic (1973) used an equation very similar to that suggested by Hansen 
(1970). However, there are some restrictions and assumption in all of these classical formulations; 
therefore, they do not always give reasonable results compared to available experimental data. 
Because of the uncertain nature of soils and the difficulties of experimental tests in laboratory and 
in situ, there is an increasing tendency to seek alternative bearing capacity prediction methods, 
other than the traditional computing techniques, to obtain more accurate results. 
 
 
3. Experimental study 

 
3.1 Materials used for the testing: sand 
 
The test sand used in this study was dry sand collected from Godavari River near Paithan about 

50 km from Aurangabad in Maharashtra State of India. The aim of this work is to study the effect 
of variation in size, depth of sand cushion below the footing (Dsc) and permissible settlement of 
footing on bearing capacity of sand for square footing. The specific gravity of sand is found to be 
2.65, coefficient of uniformity (Cu) 3.20, coefficient of curvature (CC) 0.96 and effective particle 
size (D10) 0.42 mm. Grain size distribution curve is shown in Fig. 1. The maximum and minimum 

 
 

Grain Size Analysis 

 
Fig. 1 Grain size distribution of sand 
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dry unit weights of the sand were determined according to IS: 2720(1983), (part 14). The 
maximum dry unit weight obtained is 18 kN/m³ and the minimum dry weight obtained by pouring 
into the loosest state is 15.3 kN/m³. The friction angle of the sand at 82.90% relative density (Dr), 
as determined from direct shear test on dry sand sample, is found to be 40°. 

 
3.2 Laboratory model tests 
 
3.2.1 Test set-up 

The load tests were conducted in a rectangular steel tank of 900 mm × 1200 mm in plan and 
1000 mm in depth. The model footings used for the tests were square in shape. The footings were 
made of 10 mm thick rigid steel plate of sizes 100 mm × 100 mm, 120 mm × 120 mm, and 150 
mm × 150 mm. A hydraulic jack attached to the proving ring was used to push the footing slightly 
into the bed for proper contact between the soil and footing. A schematic diagram of the test set-up 
is shown in Fig. 2. In the present study the intensity of loading will be denoted by q and depth of 
sand cushion below the footing will be denoted by Dsc. 

 
3.2.2 Preparation of test bed 
Pluviation i.e., raining technique was used to place the sand in test tank. The height of fall to 

achieve the desired relative density was determined by performing a series of trials with different 
heights of fall. In each trial, the densities were monitored by collecting samples in small aluminum 
cups of known volume placed at different locations in the test tanks, based on the minimum and 
maximum void ratios of the sand for each height of fall, the relation between the height of fall and 
the corresponding relative density was developed. 
 
 

 
Fig. 2 Typical Sketch of Prototype Model of size 900 mm × 1200 mm × 1000 mm 
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3.2.3 Testing procedure 
Initially the sand bed of 900 mm depth was prepared in the steel test tank using the sand raining 

technique. The side walls of the tank were made smooth by painting with an oil paint to reduce the 
boundary effects. After preparing the bed, the surface was levelled, and the footing was placed 
exactly at the centre of the loading jack to avoid eccentric loading. 

The footing was loaded by a hand operated hydraulic jack supported against a reaction frame. 
A pre-calibrated proving ring was used to measure the load transferred to the footing. The load 
was applied in small increments. Each load increment was maintained constant until the footing 
settlement was stabilized. The footing settlements were measured through the dial gauges whose 
locations are shown in the Fig. 2. Table 1 shows the effect of intensity of loading on settlement at 
different depth of sand cushion below the footing (Dsc), for 100mm square plate. 

 
 
Table 1 Effect of q and Dsc on settlement in mm, for 100 mm square plate 

Intensity of loading (q) 
(kN/m²) 

Depth of sand cushion below the footing (Dsc) in mm 

900 750 600 450 300 150 

0 0 0 0 0 0 0 

20 0.8 0.72 0.7 0.68 0.52 0.44 

40 2.39 2.1 2.08 2.04 1.7 1.51 

60 4.78 3.98 3.93 4.16 4.36 3.46 

80 7.94 6.05 6.31 6.91 6.45 6.16 

100 9.54 7.67 7.94 8.31 7.94 7.70 

120 11.48 9.55 9.55 10 9.74 8.31 

140 13.48 11.5 11.35 11.48 10.96 9.12 

160 15.13 13.5 13.18 13.18 12.02 9.77 
 

 
Fig. 3 Effect of loading intensity on settlement for different depths of sand cushion for 100 mm square plate
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Fig. 3 shows the effect of intensity of loading on settlement for different depth of sand cushion 
below the footing (Dsc). It is also seen from Fig. 3 that, as the depth of sand cushion below the 
footing increases settlement also increases. 

As shown in Figs. 4-5 log load vs log settlement relationship is plotted and two intersecting 
straight lines are identified in the data points. The load corresponding to point of intersection gives 
the ultimate bearing capacity and corresponding settlement is obtained. N values are computed 
using the equation qult = 0.4BN  and they are computed for various depths of sand cushion. The 
results are compared with the theoritical values proposed by Terzaghi (1943), Meyerhoff (1963), 
Hansen (1970) and Vesic (1973). 

 
 

 
Fig. 4 Log load vs log settlement for 100 mm square plate (sand cushion depth 900 mm) 

 

 
Fig. 5 Log load vs log settlement for 100 mm square plate (sand cushion depth 450 mm) 
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Table 2 Effect of Dsc for 100 mm square plate for log-log method and ultimate load corresponding to 10% of 
footing width and N values 

Sand cushion 
depth in mm 

Ultimate load 
(kN/m2) 

Settlement 
in mm N values

Ultimate load (kN/m2) corresponding 
to 10% of footing width N values

900 80.6 7.94 112.00 104 144.44 

750 78.8 6.02 109.40 124 172.22 

600 79.7 6.30 110.70 126 175 

450 79.2 6.20 109.95 124 172.22 

300 75.8 6.05 107.30 122 169.44 

150 74.1 5.75 102.95 160 222.22 

 
 
Table 3 Effect of q and Dsc on settlement for 120 mm square plate 

Intensity of loading (q) 
(kN/m²) 

Depth of sand cushion below the footing (Dsc) in mm 

900 750 600 450 300 150 

0 0 0 0 0 0 0 

13.88 1.03 0.92 0.89 0.8 0.68 0.54 

27.77 3.24 3.06 3.02 2.9 2.5 2.2 

41.66 5.45 4.84 4.78 4.66 4.4 4.08 

55.55 7.9 7.2 7.1 7.02 6.8 6.52 

69.44 10.4 9.62 9.52 9.4 8.9 8.52 

83.33 12.9 12.08 11.9 11.78 10.96 10.4 

97.22 15.38 14.6 14.48 14.39 13.6 13.18 

111.11 17.9 17.02 16.9 16.8 15.34 14.4 

125 20.14 18.96 18.76 18.68 16.9 15.1 
 

 
 

Table 2 show the ultimate load corresponding to 10% of footing width and N  values for 
different depths of sand cushion below the footing for  = 40°. It is observed that the values of 
ultimate load corresponding to 10% of footing width lie in the range 104 to 160 kN/m2. N values 
lie in the range of 144.44-222.22 which are much higher as compared to log-log method. The 
values obtained by log load versus log settlement method fall in the range 100-112. For the same 
case the values of N calculated by Terzaghi (1943), Hansen (1970), Vesic (1973), and Meyerhof 
(1963) methods are 115.31, 95.41, 109.41 and 95.4 respectively. 

Table 3 shows the effect of intensity of loading on settlement at different depths of sand 
cushion below the footing (Dsc), for 120mm square plate. From the table it is found that as depth of 
sand cushion below footing increases settlement also increases. 

Fig. 6 shows the effect of intensity of loading on settlement for different depth of sand cushion 
below the footing (Dsc). It is also seen from this figure that, as the depth of sand cushion below the 
footing increases settlement also increases. 
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Fig. 6 Effect of loading intensity on settlement for different depths for 120 mm square plate 

 

 
Fig. 7 Log Load vs Log Settlement for 120 mm Square Plate (sand cushion depth 900 mm) 

 
 

Figs. 7-8 show log load vs log settlement curve. From these cuves ultimate load for individual 
cases are determined and which are tabulated in Table 4. 

Table 4 shows the ultimate load corresponding to 10% of footing width and N values for 
different depths of sand below the footing for  = 40° It is observed that the values of ultimate load 
corresponding to 10% of footing width lie in the range 78 to 90 kN/m2. N values lie in the range of 
90.27-104.17 which are lower as compared to log-log method. The values obtained by log load 
versus log settlement method fall in the range 100-118. For the same case the values of N 
calculated by Terzaghi (1943), Hansen (1970), Vesic (1973), and Meyerhof (1963) methods are 
115.31, 95.41, 109.41, and 95.4 respectively. 
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Fig. 8 Log Load vs Log Settlement for 120 mm Square Plate (sand cushion depth 450 mm) 

 
 
Table 4 Effect of Dsc for 120 mm square plate for log-log method and ultimate load corresponding to 10% of 

footing width and N values 

Sand cushion 
depth in mm 

Ultimate load 
(kN/m2) 

Settlement 
in mm N values

Ultimate load (kN/m2) corresponding 
to 10% of footing width N values

900 91.20 15.13 105.55 78 90.27 

750 100 15.13 115.74 84 97.22 

600 102.32 15.84 118.43 85 98.38 

450 100 15.13 115.74 85 98.38 

300 91.20 13.18 105.55 88 101.85 

150 87.09 12.58 100.80 90 104.17 

 
 
Table 5 Effect of q and Dsc on settlement for 150 mm square plate 

Intensity of loading (q) 
(kN/m²) 

Depth of sand cushion below the footing (Dsc) in mm 

900 750 600 450 300 150 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

8.88 0.98 0.90 0.87 0.70 0.57 0.44 

17.77 1.40 1.20 1.14 0.98 0.75 0.58 

26.66 3.12 2.90 2.89 2.84 2.48 2.10 

35.55 4.58 4.38 4.36 4.28 3.73 3.31 

44.44 6.17 5.89 5.78 5.75 5.03 4.69 

53.33 7.62 7.43 7.62 7.61 6.57 6.04 

62.22 9.60 8.74 9.58 9.17 8.35 8.21 

71.11 11.26 10.51 11.55 11.00 10.58 9.82 
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Table 5 Continued 

Intensity of loading (q) 
(kN/m²) 

Depth of sand cushion below the footing (Dsc) in mm 

900 750 600 450 300 150 

88.88 13.79 14.85 14.87 14.33 13.20 13.15 

97.77 16.65 17.04 16.60 16.41 16.27 16.11 

106.66 18.26 18.27 18.25 17.85 16.83 17.04 

115.55 20.48 20.97 20.53 19.56 18.43 18.06 

125.00 21.85 21.44 21.30 20.81 19.73 19.48 

133.32 23.01 22.73 22.36 22.00 20.97 20.53 

142.20 23.53 22.98 23.52 22.94 22.01 21.37 

151.08 24.00 23.52 23.66 23.52 22.81 22.14 

159.96 24.50 24.32 24.28 24.22 23.40 22.74 
 
 

 
Fig. 9 Effect of loading intensity on settlement for different depths for 150 mm square plate 

 
 

Fig. 9 shows the effect of intensity of loading on settlement for different depth of sand cushion 
below the footing (Dsc). It is also seen from Fig. 9 that, as the depth of sand cushion below the 
footing increases settlement also increases. 

Figs. 10-11 show log load vs log settlement curve. From these cuves ultimate load for 
individual cases are determined and which are tabulated in Table 6. 

Table 6 shows the ultimate load corresponding to 10% of footing width and N values for 
different depths of sand below the footing for  = 40°. It is observed that the values of ultimate 
load corresponding to 10% of footing width lie in the range 90 to 94 kN/m2. N values lie in the 
range of 83.33-87.04 which are lower as compared to log-log method. The values obtained by log 
load versus log settlement method fall in the range 94-107. For the same case the values of N  
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calculated by Terzaghi (1943), Hansen (1970), Vesic (1973), and Meyerhof (1963) methods are 
115.31, 95.41, 109.41, and 95.4 respectively. 

Table 7 shows the effect of plate size for different depth of sand cushion below the footing on 
N values. It is seen that log-log method gives better results as compared to ultimate load 
corresponding to 10% of footing width. 

 
 

 
Fig. 10 Log Load vs Log Settlement for 150 mm Square Plate (sand cushion depth 900 mm) 

 

 

Fig. 11 Log Load vs Log Settlement 150 mm Square Plate (sand cushion depth 450 mm) 

373



 
 
 
 
 
 

Manish S. Dixit and Kailas A. Patil 

Table 6 Effect of Dsc for 150 mm square plate for log-log method and ultimate load corresponding to 10% of 
footing width and N values 

Sand cushion 
depth in mm 

Ultimate load 
(kN/m2) 

Settlement 
in mm N values

Ultimate load (kN/m2) corresponding 
to 10% of footing width N values

900 115.95 21.87 107.36 94 87.04 

750 112.62 20.89 104.27 90 83.33 

600 110.94 20.89 102.72 90 83.33 

450 109.86 19.95 101.72 92 85.19 

300 105.47 18.19 97.65 94 87.04 

150 102.38 17.37 94.79 94 87.04 
 
 
 
Table 7 Effect of Plate Size for different Dsc on N values 

Sand cushion 
depth in mm 

N values 

100 mm 120 mm 150 mm 

Log-log 
method 

10% of  
footing width

Log-log 
method 

10% of  
footing width

Log-log 
method 

10% of  
footing width

900 112.00 144.44 105.55 90.27 107.36 87.04 

750 109.40 172.22 115.74 97.22 104.27 83.33 

600 110.70 175 118.43 98.38 102.72 83.33 

450 109.95 172.22 115.74 98.38 101.72 85.19 

300 107.30 169.44 105.55 101.85 97.65 87.04 

150 102.95 222.22 100.80 104.17 94.79 87.04 

 
 
4. Results and discussion 
 

For depth of sand cushion of 900 mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 80.6 kN/m², 91.20 kN/m² and 115.95 kN/m² 
respectively. As compared to 100 mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 13.15% and 43.85% respectively. 
Thus it indicates that as plate size increases, ultimate bearing capacity goes on increasing for 
log-log method where as ultimate load corresponding to 10% of the footing width are found to be 
104 kN/m²,78 kN/m² and 94 kN/m². 

For depth of sand cushion of 750 mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 78.8 kN/m², 100 kN/m² and 112.62 kN/m² 
respectively. As compared to 100 mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 26.90% and 42.91% respectively 
for log-log method where as ultimate load corresponding to 10% of the footing width are found to 
be 124 kN/m², 84 kN/m² and 90 kN/m². 

For depth of sand cushion of 600 mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 79.7 kN/m², 102.32 kN/m² and 110.94 kN/m² 
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respectively. As compared to 100 mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 28.38% and 39.19% respectively 
for log-log method where as ultimate load corresponding to 10% of footing width values are found 
to be 126 kN/m², 85 kN/m² and 90 kN/m² respectively. 

For depth of sand cushion of 450 mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 79.2 kN/m², 100 kN/m² and 109.86 kN/m² 
respectively. As compared to 100mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 26.26% and 38.7% respectively for 
log-log method where as ultimate load corresponding to 10% of footing width values are found to 
be 124 kN/m², 85 kN/m² and 92 kN/m² respectively. 

For depth of sand cushion of 300 mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 75.85 kN/m², 91.20 kN/m² and 105.47 kN/m² 
respectively. As compared to 100 mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 19.46% and 39.05% respectively 
for log-log method where as ultimate load corresponding to 10% of footing width values are found 
to be 122 kN/m², 88 kN/m² and 94 kN/m² respectively. 

For depth of sand cushion of 150mm for square plate of sizes 100 mm, 120 mm and 150 mm, 
ultimate bearing capacity values are found to be 74.1 kN/m², 87.09 kN/m² and 102.38 kN/m² 
respectively. As compared to 100 mm square plate, the percentage increase in the ultimate bearing 
capacity for 120 mm and 150 mm square plates are found to be 17.53% and 38.16% respectively 
for log-log method where as ultimate load corresponding to 10% of footing width values are found 
to be 160 kN/m², 90 kN/m² and 94 kN/m² respectively. 

For square plate of size 100 mm and depth of sand cushion below the footing of 750 mm, 600 
mm and 450 mm, the values of settlements are found to be nearly same. Similar trend is observed 
for square plate of sizes 120 mm and 150 mm. For depth of sand cushion below the footing 300 
mm and 150 mm, the bottom of the tank is nearer to the loaded plate. As the bottom of the tank is 
fairly rigid hence lower values of settlement are observed for log-log method. Similar trend is 
observed for ultimate load corresponding to 10% of footing width. In general it is observed that 
log-log method gives a better estimate of ultimate load as compared to the other method. 

The values of N obtained from experimental investigations for square plate of size 100 mm for 
various depths of sand cushion show lower bound values in comparison with Terzaghi’s method 
(1943). Hansen’s (1970) and Meyerhof’s methods (1963) show upper bound values for various 
depths of sand cushion. Vesic’s method (1973) for 900 mm depth of sand cushion shows upper 
bound values and for depths 750 mm, 600 mm and 450 mm, the values are approximately same. 
For 300 mm and 150 mm depth of sand cushion shows lower bound values. The values of N 
obtained for ultimate load corresponding to 10% of footing width show upper bound values for all 
the depths. 

The values of N obtained from experimental investigations for square plate of size 120 mm for 
various depths of sand cushion i.e., 900 mm, 300 mm and 150 mm, show lower bound values in 
comparison with Terzaghi’s method (1943). For 750 mm, 600 mm and 450 mm depths of sand 
cushion, the values are approximately same in comparison with Terzaghi’s method (1943). The 
values of N obtained from experimental investigations for square plate of size 120 mm for various 
depths of sand cushion i.e., 900 mm, 300 mm and 150 mm, show lower bound values in 
comparison with Vesic’s method (1973). For 750 mm, 600 mm and 450 mm depths of sand 
cushion, the values are approximately same in comparison with Vesic’s method (1973). The 
values of N obtained from experimental investigations for square plate of size 120 mm for various 
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depths of sand cushion show upper bound values in comparison with Hansen’s (1970) and 
Meyerhof’s methods (1963). The values of N obtained for ultimate load corresponding to 10% of 
footing width show lower bound values for Terzaghi (1943) and Vesic method (1973) where as for 
Hansen (1970) and Meyerhof method (1963) show upper bound values. 

The values of N obtained from experimental investigations for square plate of size 150 mm for 
various depths of sand cushion show lower bound values in comparison with Terzaghi’s method 
(1943). The values of N obtained from experimental investigations for square plate of size 150 
mm for various depths of sand cushion show lower bound values in comparison with Vesic’s 
method (1973). 

The values of N obtained from experimental investigations for square plate of size 150 mm for 
various depths of sand cushion show upper bound values in comparison with Hansen’s (1970) and 
Meyerhof’s methods (1963). The values of N obtained for ultimate corresponding to 10% of 
footing width show lower bound values for all the depths. 

It is observed that when the depth of sand cushion is more than 3 times the footing width there 
is no influence on the ultimate load and settlements of the footing. 
 
 
 
5. Conclusions 

 
Based on the studies carried out the following conclusions are drawn. 
 
 For square plates of size 100 mm, 120 mm and 150 mm with depth of sand cushion of 900 

mm, ultimate bearing capacity values are found to be 80.6 kN/m², 91.20 kN/m² and 115.95 
kN/m² respectively. Thus it indicates that as plate size increases, ultimate bearing capacity 
goes on increasing for log-log method. For ultimate load corresponding to 10% of footing 
width, the bearing capacity decreases as the cushion thickness increases. 

 For square plate of size 100 mm and depth of sand cushion below the footing of 750 mm, 
600 mm and 450 mm, the values of settlements are found to be nearly same. Similar trend is 
observed for square plate of sizes 120 mm and 150 mm. For depth of sand cushion below 
the footing 300 mm and 150 mm, as the bottom of the tank is rigid, settlement is 
considerably reduced. 

 The values of N obtained from experimental investigations for square plate of size 100 mm 
for various depths of sand cushion show lower bound values in comparison with Terzaghi’s 
method. Hansen’s and Meyerhof’s methods show upper bound values for various depths of 
sand cushion. Vesic’s method for 900 mm depth of sand cushion shows upper bound values 
and for depths 750 mm, 600 mm and 450 mm, the values are approximately same. For 300 
mm and 150 mm depth of sand cushion shows lower bound values. Similar trend is 
observed for square plate of sizes 120 mm and 150 mm. 

 Log-log method gives better results as compared to ultimate load corresponding to 10% of 
footing width. The values of N obtained by log-log method are closer to the values given by 
Terzaghi (1943), Meyerhof (1963), Hansen (1970) and Vesic (1973). 

 For depth of sand cushion of 750 mm, 600 mm and 450 mm ultimate load values are nearly 
same by log-log method and ultimate load corresponding to 10% of the footing width. 

 The bearing capacity factor N decreases by increasing the footing size. 
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